UNCLASSIFIED

AD NUMBER
AD038974
CLASSIFICATION CHANGES
TO: uncl assified
FROM: confi denti al

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
and their contractors;
Adm ni strative/ Qperational Use; JUL 1953. O her

requests shall be referred to Bureau of Ships,
Washi ngt on, DC.

AUTHORITY

31 Jul 1965, DoDD 5200.10; BUSHI PS Itr, 1 Apr
1968

THISPAGE ISUNCLASSIFIED




| Armed Services Technical nformation fgene,

Because of our limited supply, you are requested to return this copy WHEN IT HAS SERVED
YOUR PURPOSE so that it may be made available to other requesters. Your cooperation
will be appreciated.

An [ o | . |

¥ - —— e .

r—

NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA :
ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS
NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE
SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY

- IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER
PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR .PERMISSION TO MANUFACTURE,
USE OR SELL ANY PATENTED INVENTION THAT 'MAY IN ANY WAY BE RELATED THERETO.

Reproduced by
DOCUMENT SERVICE CENTE'R




ONFIDENTIA,

)

ﬁ
1
Ly

HLE

0PY

ASTIA

MAGNETIC AMPLIFIERS. INC.

Affiliate of GENERAL CERAMICS & STEATITE CORP.

632 TINTON AVENUE NEW YORK 3535. N. Y,

t o il
NN



MAGNETIC AMPLIFIERS, INC.

Affiliate of GENFRAL CERAMICS & STEATITE CORP.

632 TINTON AVENUE NEW YORK §535. N. Y.
TELEPHONER: CYPRESS 2-8610

CONFIDENTIAL
ANTERIM DEVFLOFMENT REPOIT
SGR
MBGNTIC AMPLIFISRS FOR &l()"’?&
e
INFRARLD TROECTST ST J
Adfutie 2
This rupert =zovars the paviod 3 fodl 3357 Be 2D fume 1A

WMASNLTIC AR ASRE, 100
652 TLWION LV us
HEW YORK 8%, n.Y.

NAVY DEPARTMENT DuRxAU CI¥ SHIPY SLECTHONICS DIVISION

CONTRACT NO. NGbsr-57102 IVDEX MO. NE-050722 28 July 1953

COPY No. 3

"WARNING: This document containa infci:mation affecting the national
derensc of the United States within the meaning of the Espionage Laws,
Title 18, U,S.C,, Sections 793 end 724, The transmissicn or the
revelation of its contents in any mar.or to an vnautborized person is
prohibited by law, Reproduction of this document in any form by cther
than activiiies of the Departrent of Latense and the Atomic Energy
Commission is not authorized uniess upecifically aspproved by the
Secreta'yof the Navy or the Chief of YMNuval Operctions."

—Zpro

FROMLOW CONTRAST COPY.




CONFIDEWIAL

MAGNETIC AMPLIFIERS. INC.

Abgtract: This report mumacizes the progresp to date of work on a
contract calling for a study to determine the foasibility of replacing
the vacuum tube amplifiere of tho AN/PAR-2 equipment with megrstie
amplifiers,

1, PURPOSE: The purpose of this work is to determire the feasiblity
of developing magnetic amplifier equipment to replace the vacuum tube
amplifiers and circuits now used in the AN/BAR-2 equipment. The
satiefactory replacement of the electronic equipment by magnetic
amplifiers will effect great improvements in the reliability of the
osquipment and a reduction of the maintenance effort required, The
incorporation of improvod performeance characteristics and the re-
duction of size and weight are additional objactives,

2, QLEERAL FACTUAL DATA

2.1 PERSONNEL ENGAQED ON CONTRACT: The following 16 a 1lisht of the

teclnical personnsl engagad on this contract “ogethar uith %he

rean hours parformad by sach during the period covered by this

report,
A MAN_HOURS
B, J. 0'Neill 32
H, A, Goldsmith 32
H, Hors 3l
L. Weissman 276
D, Rogers 28

3. MEASUREMENT PROCEDURES

3.1 TEST INSTRUMENTS: The following teet instruments and equipment:

were used in evaluating the results included in this roport:
(a) Krohn-Hite Ogcillator, Model L10-A
(b) Ballantine V.T.V.M., Model 3CO
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MAGNETIC AMPLIFIERS, INC.
(c) Brush Recorder

(d) Osciliator-Lriver, L0OO cps.

(@) Moise Mster, Lab, Model NM-2

(£) Duront Oscilloscope, Model 304.-H

(g) Regulated Power Supply, 250 Volts, 80 Mjlliamperes, D,C.

3.2 TEST SET-UP: The test ret-up used for core noise evaluation made

in connection with this raport is shown in figure 1.

3,3 MEASUREMENTS: Noies meesurementis waroe made with a leboratory
constructed noise meter, the output being £3d to a thermccouple
galvenometer which indic:ted true RM3 polse voltsges. The output
wvay monitored with an ocecilloscope as a check against meter
amplifier saturation. Veter calibration vas checked periodicelly
using the Xrohn-Hite eignnl generztor and the Ballantine V,T,V,M,

3.4 REFERENCES:

(1) Parronagnetism - Bozorth, R.M, - D, Van Nostrant Co. (1951)

(2) Meagsurenent of the Noinoe Figure of Low-Frequency Amplifiers
Saul Shenfeld-USL Report No. 15k.
(3) Williams & Noble - Fundamentnl Limitations of the Second
Harmonic Type Mag. Modulator - Proceedings Inst. of Electr,
Engineering, Vol. 97
L, DETAIL FPACTUAL DATA

L4,1 DESCRIPTION OF PRESENT BAR-2 EQUI’MENT

L.1,1 UENFRAL: The Infrared Detector Set AN/BAR-2 is a passive
bearing finder system designed for installation on submarines
to detect and obtain bearings of targets during periods of

]

low visibility.
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An optical systen mounted on top of the periscope collects
infrared radiation from a target and focuses it upon a sensitive
bolometer element, The signal thus generated is arplified and
presented as a visual indication of target bearing.

Provision is made for contimwous 360° scamning or ecanning
of a limited sector only.

L.,1,2 SIGNAL AMPLIFIER: The characteristics of the optical system

are such that at ths scamning speed used the maximum signal
energy occurs at a frequency of approxinatsly 30 cycles per
gecorxi, This signal is fad 1Lito an arplifier which raises the
output signal to the level necessary for utilizatiocn by the
data pregsentation equipment, The amplifier is designed to
operate vith input sigrals from the 5 ohm bolometer as low as
1018 wattus, A maximua power gain of approximately 10]'8 is
required. The amplifier must have an inherent noise level not
exgceading twice that caused by the thermal noise of the input
circuit resistance,
L4.2 MAGRETIC AMPLIFIER SYSTEM

b.2.1 SIGNAL AMPLIFIFR

4.2,1,1 SENSITIVITY AKD NOISE CONSIDERATIONS: The minimum input

pover level at which an amplifier may operate is limited

by the noise level. Noise sources limitating the low

level operation of a magnetic amplifier are:

(a) Thermal Agitation: Noise of the input circuit which can

be expected to contribute a noise powe of approximately

b x 10722 watts per cyole of band width at room teuperatux:fn

Page 3 CONFIDENTIAL
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MAGNETIC AMPLIFIERS. INC.

(b) Barkhausen Noise: Origlinating in the core material,

(c) Vagnstrostriction of the Core Material: The effect

of this phenomenon upon the noise level is not evident,
(d) Rectifiers: Various studics have indicated that crystal

rectifiers are capable of providing a potent noise sourca#

at signal levels below 10°1° watts.
(e) Externsl Fields '

(f) Noise injected by signal source and/or measuring device.

(g) Noise injected by carrier source

(h) Microphonic Noise due to mochanical wvibration

SUMMARY OF PREVIOUS INVESTIGATIONS: Studies made during

previous periods indicatecd that the predominant noises source
limiting the magnetic signal amplifier sensitivity was the
core raterial itself, Some noise measurements were taken
end calculations showed that the noie power in the control
winding was about & x 10 vatts, This figure checled
with sensitivity measurements made previously.

NOISE INVESTIGATSORS DURING THE REPORT PERIOD: A core

nolse evalustion program was set up as cutlined in a previous
report. The core materials subjected to analysis were as
follows:

Orthonol, 1 mil #*rip

Orthonol, 2 mil strip
Orthomol, 4 mil strip

Hyma 80, 3 mil strip
L4750, 2 mdl strip

1 ’
Page L CONFIDENTIAL
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X test coren vare of voint toroidal eongatiuction, The
moasurencnt and test seteup 1s chowm in figurs 1. Jsta
takon war corectad for ectunl -ore ocutns by the factor
of lmown gain of uhe ncise meter. This gross outpul noice
was then reduced to u common basis of RM5 noise voltage
vor turn p-r cycle of band width 35 as to provide a no’ee
figure which allowcd compesriscn amony Sha various naterials,

This data is tabulatod in Table I and shova araph’Zeollr i

(3
w

gure 2, From this cata 1L 1s evicdent that aisf ront. coro
naverials producs nelze levole which very rather widely,
In sdiditicn, %ho stris thicknacs is a fachor 4a 1o noise
lovel of a given cera goo MUTY.

%P SRR SISTEFS: I previsve perlods an ‘nve: blgation of Ll
feacibllily of eonliny = grctle ewnlifiers te wws typica®. rervo
g;Tieirs of tha AN/RAR-2 e- vipaent wae curcied cut. _The reesulis
of there studies, indica® irg ths applicability of magnctic

27rliliers to these sysioms wers gmarlsse ‘n previous reports.

5.0 COWLUYIICHS

5.1 SIGNAL ANPLIFIIR: Tho eonsitivisy of tha siznnl amplifier 1w 2imited
By two main factors:
(1) Rectisier bire
(¢) Ccre loise
The firet foctor easumes a slgriflcent ragnituda at iaput levols of
less chon 1'3”15 witte. The seeond factor is influewsd b7 tle choice

of core raterials and geomeiry and apoears to linit the rargitivity

Page § SONFIDEMTIAL
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MAGNETIC AMPLIFIERS, INC.

to adout 10~0 watts at a carrier frequency of LOO cps. Detailed
data on core noise will be presented in the finel repcrt on this
study,

SERVO SYSTEMS: The applicability of magnetic amplifiers to two

typical servo systems of ths AN/BAR-2 equipment wae etudied during
previous periods., These ttudies have been described in reports
covering those intarvals,

FROGRAM FOR NEXT INTIRVAL: Tho investigatioas being carried out undar

thie contract will be concluded and a final report giving a complete

sumary of the work performed will be issued durirg the noxt interwal.

Page 6 CONFIDENTIAL
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TABLE I, CORE ROISE DATA

RMS Noise Microvolts per Cycle of Band Width per Turn

L750
»00029
00292
~0105
<00715
.0110
.0150

Ryma 80
.0100
-00L15
00362
200380
»0031

-0033

Orthonol
2 M3

00292
»318
134
. 080
0568

~062

Orthonol

1M
.00318
0528
0528
»0318
0318
00292

Orthonol
L My

.00528
-0292
0372
- 0178
00925
0036
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